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BACKGROUND)

lllsilll]}lc sor~>tioll  rcfrigcratioll  sys[ems, lowpressurc  gascsare.  physically
a(isorbcd  onto or chemical] y absortml into various soli(ls, typical I y near ambient
temperatures or above (l;igurc 1). When hcatd  an additional 10(-3000C,  the gases
arc ctcsorbcd,  i .c., vented, at substantial] y higher prcssmes. When the high pressure
gas is prccooled ancl cxpanclcd through an orifice, known as a Joule-rl’homson (J-l’)
valve, the gas bccomcs partially ]iqucficd  and proviclcs net cooling. 1 lest boils the
liquid, and the returning low pressure gas is cvcntual]y  reabsorbe~i by the sorbent,
thus completing the cycle. ‘l’he entire refrigeration systcm has esscmtiall y no
wear-related moving parts, other than very long 1 i fc, SC] f-operating, room tcmpcrat urc
clwk valves. ‘J’hus life expectancy is many years, possib] y kcadcs,  and there is
essentially no vibration.

Since 1979, the Jet Propulsion 1 aboratory  (J]’],) has tested nutmrous
hydrogen, oxygen, nitrogen, anct krypton cryogenic sorption refrigeration systcnls(l ‘?)
for cooling space-based infrared imaging systems. More reccntl y, J]’], has bum
clcvcloping  a quick cool clown 10 K(-263 “C) hydrogem  sorption rcfrigcrat  ion systcm
for the cooling of infrared sensors for the Strategic IJcfcnsc  initiative Organization
(S1110) “Star Wars” missile tracking program. A prcmf-of-principle experiment was
succcssful]y conducted at JPI. in 1991,(3) and a J]’], Space Shu[[le  flight expcrimc.nt is
planned for 1994.

J br grouml  applications, the si mplc sketch of 1 ~igurc 1 has bum found  to be.
too inefficient to compctc with alternate heat pump tcdlno]ogics. “J’o consmm
energy, a number of heat rcgcncration  techniques have been attempted, whereby the
waste heat from anct sorbcnt  bcd is used to heat another sorbcnt bed. Shd  t on4 and
‘J’chcrncvs  have clcviscd a simple cloublc-bcxi  systems, in which a hot sorbcnt bcd that
is being coolcx]  will pass its heat to a coolant fluid which thcm passes through a beater
(to make up for rcgcncration thermal 10 SSC.S) and then on to another sorbcnt  bcxl. A
number of al tcmatc tczhniqucs  using four, six, or more bmls have also been
proposed, 6’7

1 ixtcnsivc  studies  have bcm pc.rformcll at JJ’I, which show that a four bcd
approach is much more efficient that two bc~ls,  but there is not a significant advanta~,c
in using  nmrc than four beds.g’g It] particular, a patcntc~i four bcd approach (l~ip,wc
2) will usc a fluid (water of oil) to transfer hot and cold thermal waves.(]O) in
adctition,  it has bcm  ctiscovcred  that significant performance in]provcmcnt  can bc
attained if the coolest sorbcnt  be41 is cooled furlhcr at t hc CM1 of each quartc.r  cyc.lc.
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without rcgcncrating  the. fluid through the other three sorbcnt  beds. ‘1’hc results of the
multiple bed analyses arc shown I’ab]c 1.

in mtcr to confirm the analytical tools, a single compact sorbcnt  bcd was
fabricatut  and tested in both heating and cooling modes. ‘1’hc sorbcnt  bcd (1 iigurc  3)
consistezl  of activated carbon with a binder that was molded  into a finned aluminum
tube cxtmion (patent pcnding(]  l)). l’rcssurimd water was sclcctexl  as the heating and
cooling means. A hollow ullagc  volume in the ccntcr of the water stream allowed
mhanccd  ftuicl  heat transfer coefficients. ‘1’hc transient test rcsu]ts showcil very good
correlation to analytical predictions(9). of the thrm refrigerants that were tested (1<22,
RI 34a, and ammonia), ammonia was clcarl y far superior and yicldml 1038 KI’LJ/hr
(304 watts) cooling for only a 0.51 Kg carbon bcd (1’ab]c 2.).

~ocfficicnts  of performance have bem cst i mated for various standard heating
atld COO]illg  conditions, and these arc shown in ‘1’ab]c ~, Modifications #] ancl #2 arc
J 1’1 ,/~altczh  proprietary modifications that can grcatl y incrcasc  co}’ cfficicncics.

APPl ,l~A’J’lON/ II1]NIOT1’S

The applications for the rcgcncrative adsorption heat pump arc air
conditioning, heating, and refrigeration. ‘l”hc ovcral] advantages of the advanced
rcg,cncrat ivc sorption heat pump over cxi st i ng vapor heat pumps arc

llsc of non-omnc  depleting refrigerants

Ability to usc much lower grccmhmsc-effect fluids

1 mg-life, reliable, solid-state compressors with no wear-related nloviJlg
parls other than low frequency valves

USC of any refrigerant with absolutcl  y no lubrication rcquircmcnts

Noiseless and vibration-ft-cc  compressor operation

lncxpcnsivc  fabrication tezhniqucs  and materials with no C]OSC
tolcrancers or elaborate equipment rcquire41

lJSC of long-]ifc, rcvcrsiblc physical reactants, as opposed to corroskm-
pronc and potentially life-limiting chemical reactants

lJsc of low pressure, sinp,lc expansion, casil y scalable systems, unlike
conq Jlicatc4i, high pressure, multi -cf feet 1 iqui(i chcmi sorpt ion systems
that arc corrosion-pmnc and cannot bc scaled for small,  hoJnc
applications

—
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c Greatly mtucccl  winter and summer total fuc] costs

● ‘1’hccondcnscr  and compressor heat rejection systems can ctoublcas  a
domestic water heatcrto  providecsscntially  free hot water while
act uall y i mpmvi  ng overall heat pump performance

● Significant net rc41uction  in effluent pollution

● Reduction of 11. S. dcpcndcncc  on foreign oil

● Reduction in c]cctrical utilities peak load rcquircmcnts of summer air
conditioning

‘I’l KHINI~A1. lSSIJINY lKX)NOMICX

‘1’hc most pressing tczhnical  issue at prcsc.nt  is the confirmation of prcctictczl
03Ps,  and confirmation of long lifetimes. l,ifctimcs of other sorbcnt  beds at JP1,
have cxcmlcd  32,000 continuous hours  without any clcgra(iation in performance.
These beds, however, arc of a different configuration ancl do not have heat transfer
cnhanccmcnt  fins, and thus accclcratul  lifetimes should bc pcrformcxl  for carbon/fin
configurations similar to that shown in ]:igurc  3.

Another technical issue to bc addressed  is the scleclion of water or a heat
transfer oil as the coolant ftuid. Water pmvidcs much better heat transfer, but it must
bc prcssuriml  to at least 225 psi (1.5 Mpa). l)owthcrm  or ‘1’hcrminol heat transfer
oils can operate at low pressure, but they arc toxic ancl potentially flammable.

A possib]c coolant flow schematic is shown in l;igurc 4 with four sorbcnt
beds. l~or this systcm, it is ncccssary  to obtain long-]ifc,  low cost, multi-port valves
to rcctircz[ the heat tramfcr  fluid for each quarter cycle, Another economic issue that
must bc acid rcsscd arc t ra(ic st udics that opti mi z,e~i  systcm cost by comparing a four-
burncr  systcm  with that of a single burner systcm using either flow diversions or heat
exchangers for hcatin~,  each of the four beds.

1 ~abrication  costs for actual mass production arc anticipated to bc low, since
the compressors have no moving parts, I;O C1OSC tolcranccs,
i ncxpcnsivc carbon and aluminum heat transfer dcviccs.

‘1’1 l~}lNOl  .C)(;Y 011’1’1 .(XIK

an(i can bc made. from

J]’]. is a NASA field facility that is operated by the California lnstitutc.  of
‘J’cxhnology (~altcch).  As such,  J]’]. is non-profit and is not permitted to compctc
with privak  industry. J}’], is ,howcver, pre.scntl y cngagcki  in t ransfmrinp, tk
technology to private industry. A coalition team consisting of J]’],, ‘1’hc {ias
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Clmpany  of Scmthcrn  California, and Acrojct  is prcscnt]y  making plans for a three
toJl air COlditbJli  Jlg hmt puJnp  pJX)tOtypC  that Wi]] bc fabricated and tested Withi Jl t Wo

years.

initial markd pcnctratim  is anticipate to bc for residential air coIl(litio;litlg/}lcat pump
applications, with later applications of multi-family dwellings and possit)ly Iarg,c scale
industrial building applications. Refrigeration, including, mobile refrigeration, is also
under consideration for dcvclopmcnt.
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‘1’ab]C  ]. Heat }Ilmp Analytical comparisons
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Sorbcnt/
Sorbatc

C/N113——
(YR 1 34a -10,61 -- 0.80 I 0.69 0.83 I 0.75 ().92. I 1.27

1.20 J -- --+- 1.471 -- --] 1.60— .-

Tab]c  2. Measured Cooling Capacities

~..-..

Total  Cooling Capacity
Sorbatc (lH’LJ/hr)

R22 386

l{134a

i

337
——. —

NH3 1038

\ssunlptions:

Goling  capacity is measured over a 6 minute period with a 3 minute heating cycle and
a thrc~ minute cooling cycle,
~onclcnscr  saturation tcmpcraturc =- 100°1: (37.8°C).
INaporator saturation tcmpcraturc == 40°1i (4.4” C).
‘1’otal carbon weight is 0.51 kg with finned aluminum tube weight of 1.16 kg.

‘J’ab]c 3. Cocfficicnts  of Pcrformancc  for Standard I lcating  and Cooling Days

–-,–.

-1’-
C)utdoor Outctoor
Temp. Temp.

(1’) (c)

95 35.0

82 I 27.8
. . .,_–_.._–

47 I 8.3

17 I -8.3 --”1-1 ~~~ -
~ooling  1,0 1,3 1.7 55 15.6

cooling 1.3 1.6 2.1 55 12.8
—

I ]cating ]<g 2.1 2.4 105 35.0
-. —

heating 1.5 1.6 1.8 105 32.2
—-— -.— .—. —- . . ..- —.__.

Note: “1’hcsc values CIO not include parasitic 10SSCS (cstimatc~i  at about  3%) or electric
fan power (estimated at at)out 5%). ~oPs  may incrcasc  with alternate sorbcnts.
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In simple sorption refrigeration systems, low pressure gases are physically
adsorbed onto or chemically absortmi into various solids, typically near ambient
temperatures or above (Figure 1). When heated an additional 100-300°C,  the gases
are dcsorbcd,  i .c., vented, at substantial y higher pressures. When the high prcssul c
gas is premolcd  and expanded through an orifice, known as a Joule-’l’homson (J-’l’)
valve, the gas becomes partially liquefied and provides net cooling. IIeat  boils  the
liquid, and the returning low pressure gas is eventually reabsorbed by the sorbcnt,
thus completing the cycle. The entire refrigeration system has cssentiall y no
wear-related moving parts, other than vcr y long life, self-opcrat ing, room tcmpcl-ature
check valves. ‘1’hus  life expectancy is many years, possibly deca(ics, and there is
essentially no vibration.

Since 1979, the Jet Propulsion 1,aboratory (J]’].) has tested numerous
hydrogen, oxygen, nitrogen, and krypton cryogenic sorption refrigeration systcms(l  ‘2)
for cooling space-based infrared imaging systems. More remntl y, JI’I. has been
developing a quick coo]down  10 K(-263 “C) hydrogen sorption refrigeration system
for the cooling of infrared sensors for the Stratcg,ic IIcfense Initiative organization
(S]110) “Star Wars” missile tracking program, A proof-of-principle experiment was
successfully conducted at J]’], in 199 1,G) and a J]’], Space Shuttle flight experiment is
planned for 1994.

l~or grounct applications, the simple sketch of l;igure 1 has bem found to be
too inefficient to compete with alternate heat pump technologies. ‘1’0 conserve
energy, a number of heat regeneration techniques have been attempted, whcrcb y the
waste heat from and sorbcnt bed is used to heat another sorbcnt  bed, Shclton4 and
Tchcrnevf  have devised a simple double-bed systems, in which a hot sorbent beii that
is being cooled will pass its heat to a coolant fluid which then passes through a heater
(to make up for regeneration thermal losses) and then on to another sorbent be{l. A
number of altc]natc techniques using four, six, or more bcxis have also been
proposed.67

lixtcnsive  studies have been performed at J]’], which show that a four be~i
approach is much more efficient that two bcxis, but there is not a significant advantasc
in using more than four beds.8’9 In particular, a patcntc4i four tmi approach (1 (i~,ulc
2.) will usc a ftuid (water of oil) to transfer hot and cold thermal waves.  tlO) In
aciciition, it has bem discovered that significant performance in~provcmcnt can be
attained if the coolest sorbcnt bed is cooitxi  furlhcr at the end of each cluarler  cycle


